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a  slmiary  cf  four  years  cf  ccttcn  seedling 
ai:d'  bcll  rot  disease  surveys 

Paul  R.  lliller 

Prior  to  the  initiation  of  these  cotton  disease  surveys,  seed  treatment 
was  knovm  to  be  effective  in  controlling  certain  cotton  seedling  diseases; 
however,  explanations  for  the  results  obtained  v/ere  largely  empirical  since 
the  organisms  involved  in  the  seedling-disease  complex  were  definitely 
known  only  for  a  limited  area.    It  appeared,  therefore,  that  studies  of 
a  regional  scope,  over  a  period  of  several  years,  concerning  the  identity, 
distribution,  and  Lmportance  of  the  fungi  associated  v/ith  damping-off  of 
cotton  seedlings  and  with  boll  rots,  should  give  a  more  effective  basis 
for  reseajich  on  specific  seed  treatments  for  the  different  cotton-producing 
areas.  ^ 

Hence' these  surveys,  in  which  sam.ples  were  obtained  in  14  States  and 
from  more  than  2CCC  fields,  were  begun.     They  involved  the  cooperation  of 
both  Federal  and  State  pathologists,  to  whom  the  author  expresses  his 
sincere  appreciation. 

Because  of  the  present  emergency  it  has  been  necessary  to  discontinue 
these  surveys,  therefore' a  brief  summary  of  the  results  so  far  obtained, 
during  the  growing  seasons  of  1938  to  1941  inclusive,  is  presented  herein. 
Detailed  reports  have  been  issued  upon  comipletion  of  each  separate  survey 
(1,  2,  3j  4,  5,  6,  7,  B);    Methods  employed,  as  well  as  a  discussion  of  the 
first  2  years'  findings,  have  also  been  presented  (10).  Portions  of  the  fol 
lowdng  discussion  .have  already  appeared  in  the  reports  cited  and  in  prepar- 
ing this  s'ommary  no  especial  attempt  was  made  to  avoid  repetition. 

Perhaps  the  most  interesting  finding  miade  during  these  surveys  concerns 
the  v^ide  distribution  of  Glomerella  gossypii  Edg.  throughout  the  Southeast- 
ern States  on  both  diseased  se^.dlings  and  bolls.     It  occurred  on  81.2^  of 
the  seedJ.ing  samples  -and  on  67.8^  of  the  bcll  samples  (Tables  1  and  2). 
How^ever,  in  Texas  and  Oklahoma  occurrence  of  this  fungus  was  ILmited  to  the 
eastern  portion  of  each  State,    Maps  shov/ing  this  distribution  have  been 
shown  in  various  issues  of  the  Plant  Disease  Reporter, 

Failure  to  find  the  anthracncse  fungus  in  the  VJe stern  Belt  is  evidently 
attributable  to  unfavorable  dry  conditions  which  prevent  its  survival  dur- 
ing the  period  between  the  damping-off  stage  and  the  boll-rot  stage  (Figure 
1) .    Previous  to  our  surveys  it  v;as  assumed  generally  that  anthracnose 
practically  disappeared  with  the  <%dvcnt  of  the  boll  w^eevil,  which  had 
forced  the  adoption  of  early-maturing  cotton  varieties  of  open  type,  per- 
haps failure  to  recognize  that  the  epidemiology  of  boll  rots  has  changed 
considerably/  since  the  pioneer  vjork  on  anthracnose  accounts  for  this  er- 
roneous assumption.    In  our  collections  symptom.s  on  the  majority  of 


1    This  information  now  has  an  especial  timeliness,  also,  in  view  of  the 
anticipated  shortage  of  certain  chemicals  -used  in  the  mianufacture  of  seed 
trcatm.ent  compounds. 


55 


Table  1.    Fungi  isolated  from  cotton  seedling  samples 
collected  in  1938,' 1939,  1940,  and  19/a 


Number  of  s.amules  found  v;ith  : 

bt  ate 

'Number 

of. 
*  Scimple  s 
exam-" 
ined 

Glomcrella 
gossypii 

Fusarium 
monilif orme 

Rhizoctonia 
solani 

:  1 

•H  • 

:      u  a 

\           CO  CO 

:  t-u 

Diplodia 
gossypina 

:      ^  : 
:  ^  -H  : 

•  ^  r:  : 

-p 

:  o  Cm  : 

Alabama   .  : 

:  151 

:  137 

:  138 

\  15 

*  60 

:  4 

!^  r 

:  57  : 

Arkansas 

:  129 

119 

:  121 

:  34 

5  49 

:  3 

\  66  \ 

Fl.orida 

:       20  : 

19 

16 

:  3 

•  20 

:  4 

►  24  : 

Georgia  . 

139  : 

132 

:  129 

17 

:  47 

:  7 

:  72  : 

Kentucky ■ 

5  : 

^  4 

:           4  : 

0 

:  1 

0 

}  : 

:    5  : 

Louisiana  : 

133 

'  114 

:  102 

30 

:      70  J 

2 

X  32  : 

Mississippi 

133  : 

151 

:       134  : 

43 

:  108 

6 

•116  : 

Missouri.  : 

5  : 

5 

5  : 

0 

0 

:    1  : 

North  Carolina : 

67  1 

49 

43  : 

4 

r      35  : 

3 

r  54 

11  : 

46  ' 

7  : 

29 

3 

71  i 

Soutin  Carolina: 

275 

219  : 

215 

38  : 

12  / 

7 

117  : 

Tennessee  : 

56  • 

51  : 

38  * 

6  \ 

40 

\      3  : 

16  : 

Texas 

69  : 

37 

:         54  : 

10  : 

29  \ 

1  : 

63  i 

Virginia  : 

,    59  : 

50  : 

50  : 

3  . 

31  : 

2  ; 

33  : 

Total  • 

■  1352  : 

109S  : 

1095  : 

210  : 

.648  : 

45  : 

777  : 

Percentage 

SI. 2 

81  : 

15.-5-  : 

47.9  : 

3.3  : 

57.4: 

Includes  Alternaria  spp.;  Penicillium  spp.;  Aspergillus  spp,;  p^/thium 
spp.;  Sclerctium  bataticola;  and  Sclerctiiom  relfeii,. 
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Table-  2.     Fungi  isolated  fron  cctton  boll  samples 
collected  in -1-9 3S,  1939,  1940  and  1941 


ivumoer 

' samples 
exam-  ' 
'  ined 

Glomerella 
gossypii 

Nijmber 

^  -H  . 

►  .   -  o 

pi  samole 

03 

•  ^ 

Q)  CO 
'  -P 

H  -  ■ '  • 
.  -< 

5s  lo'und  -v 

%  '' 

•H  • 

U  P-< 
03 

CO  CO 

r  ^ 

Jith 

03  . 

cd  5 

O  >s 

rH  CO 
Q.  CO  . 
•H  o 

:     Q  w 

.           CT3  ; 

Q)  oO 

-p  d 
J    O  H  J 

Alabama 

69  • 

50 

:  ■    38  : 

57 

?      32  J 

10 

:    46  : 

Arkansas 

81 

;    48  : 

77 

i      47  : 

8 

:    31  : 

C-eorgia  : 

83 

~    71  : 

62 

77 

48  : 

29 

:    60  : 

Kentucky  : 

'  4 

4  : 

1 

'  4 

4 

0 

i  0 

Louisiana  : 

44 

:  •    34  : 

25 

:  '   24  : 

31 

:  11 

30  : 

Mississippi  5 

-  223 

193  • 

180  : 

168 

:    193  2 

35 

r  117  : 

Missouri  : 

8 

:  ■     2  1 

5 

i  8 

5 

C 

t      2  : 

New  Mexico  : 

2 

:   '    0  : 

0 

;  2 

0 

:  0 

i      1  I 

North  Carolina 

:       66  ' 

53 

t    ■  40  : 

62 

:  19 

4 

:    39  : 

Oklahoma 

:  •      77  : 

5 

:   ■  35  : 

76 

:  41 

:  4 

•    31  : 

■South  Carolina 

211 

169 

147 

:    198  : 

113 

[    26  , 

127  : 

Tennessee 

19 

7  • 

L 
D 

19  : 

I        1  ! 

Texas  : 

98  : 

19 

;    ■  5C  : 

•  93 

:  58 

1  ■ 

:    27  : 

Virginia 

44  : 

'38 

•27  : 

^35 

:      18-  : 

*  ■  6 

:    29  : 

Total 
Percentage 

•  -1029  : 

698  : 
67.8 

664 
64.5  : 

'    9C0  : 
87.5 

621 
6C,3  : 

:  135  : 
13.1 

550  : 
53.4: 

Aspergillus  sop. , -Rhizopus  spp.,  and  Penicillium  spp. 
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specimens  from  which  the  -".nthracncse  fungus  v^r.s  cultured  did  not  conform 
to  those  described  ecrlier,  in  th^.t  the  lesions  were  usu:^.lly  much  sr^o.ller, 
they  were  not  sunken  and  brovmish  in  color  with  a  red  border,  and  ordy 
rarely  Y/ere  the  moist,  pinkish,  pasty  locking  masses  of  spores  encountered. 
^,iOst  boll  lesions  from  v;hich  G.  /zcssypii  "vr  s  isolat/ed  were  lirndted  spots, 
usually  vjater-soaked  in  appearance,  and  indistinguish;-ble  from  those  caused 
by  the  angular  leaf  spot  bacteria  (X-  nthoaionas  malvacearum)  j  or  by  other  nd.- 
croorganismis .     Field  observations  and  other  ovidunce  obtained  during  these 
surveys  indicated  that  X.  m.alvaccarum  plays  an  important  role  with  respect 
to  the  anthracnose  bell  disease  by  providing  infection  courts  for  G.  gos- 
sypii  (  9  ).     Apparently  boll  weevil  punctures  are  also  courts  of  entry, 
particularly  during' tb^  latter  part  of  the  season. 

Fusarium  m.onili forme  Shold,  and  other  species  of  Fusari^om  occurred  on 
both  seedlings  and  bolls  about  as  frequently  as  did  G.  gossypii.  However, 
it  is  difficult  to  evaluate  the  significance  of  trie  high  percentage  of 
F.  monili forme  since  this  fungus  dous  not  rppear  to  be  a  primary  pathogen 
of  damping-off  of  cotton  seedlings.     This  is  true  < Iso  for  the  vrrious 
other  species  of  Fusarium  isolated,  since  little  is  kncwTi  regarding  their 
pathogenicity  to  cotton  seedlings.    On  bolls  these  Fusaria ,  as  well  z-s 
Alternaria  spp.,  rre  considered  mainly  as  secondary  invaders,-  entering  the 
bolls  through  lesions  caused  by  other  agents. 

Rhizoctohig  solani  Kiihn,  which  is  r  virulent  seedling  pathogen,  although 
isolated  from  a  relatively  small  number  of  samples  v-as  found  to 

bo  r.^thcr  widely  distributed. 

The  occurrence  of  thv.  following  fungi,  whose  pathog^^nic  effects  are  not 
so  well  known,  was  sufficiently  common  to  deserve  mention:     Diplodia  spp.. 
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Pcnicilliurp.  spp.  ,  Asporgillus  spp.  ,  Sclerotium  rclfsii  Srcc,  Pythi^jim 
spp.,  SclerotiiarfL  bat::ticolC:  T~-ub.,  Blhizopus  spp.  ,  :nl  Ch-".ctojiii\:u:i  spp. 

During  tlio  suTvcys  under  discussion  certain  obs'jrv:: tions  led  to  "ivork 
repoi'toQ  in  the  next  4  articles  of  this  Supplement. 
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OCCUKRSNCE  CF  T!iE  ANTKRACNCSE  FUNGUS,  GLav:SFj:LLA  GCSSYPII, 
ON  COTTOi:  PLAINS  GRaJN  FRC;i  INFESTED  SEED  AT  FOUR  LdCATICNS  IK  19U 

Richard  V\feindling 

This  report  deals  with  the  epidemiclogy  of  the  anthracnose  disease  of 
cotton  between  seedling  and  boll  phase.    T^m  pertinent  problems  have  been 
brought  into  bold  relief  by  the  seedling  and  boll  disease  surveys:  1)  How 
does  the  anthracnose  fungus  survive  and  spread  during  the  summer  months? 
and  2)  Is  its  scarcity  in  western  Texas  and  Oklahoma  due  to  the  prevail- 
ing sUiUmer  climate? 

With  respect  to  the  second  o^^uestion,  the  available  evidence  is  mostly 
circamstantial.    Present  conditions  have  brought  about  abandonment  of  plans 
along  those  lines  of  the  work  which  were  expected  to  furnish  adequate  data. 

The  first  o^uestion  has  been  answered  to  some  extent  by  Atkinson  (2)  as 
early  -as  1892.    Ke  found  the  fungus  fruiting  on  deid  portions  of  leaves  and 
stems,  particularly  around  leaf  scars.    Later  investigators  confirmed  this 
observation.    More  recently,  culture  work  has  supplemented  these  data.  In 
1938 J  ^-  high  percentage  of  plants  used  in  exoerirnonts  on  Fusarium  vdlt  at 
Clemison,  South  Carolina,  yielded  cultures  of  tne  anthracnose  fungus.  It 
W2S  obtained  fromi  basal  portions '  of  surface-disinfected  stems.  Subsco_uent- 
ly,  the  fungus  was  cultured  from  apparently  healthy  tissues  of  seedlings 
that  had  been  inoculated  with  G.  gossypii  (4),  c-nd  from  stems,  petioles, 
and  leaf  glands  of  mature  field-grown  plants  (1).    "Sueh  ^'latent"  infection 
is  known  in  anthracnosos  of  somo  other  plants.     In  such  infected  tissues, 
the  fungus  is  ready  for  sporulation  whenever  some  of  th^  tissue  breaks  down 
and  moisture  conditions  are  favorable. 

The  procedure  chosen  to  investigate  the  af orem.entioned  problems  was  the 
following:  1)  To  g3in  a  well-rounded  picture  of  cccurrence  and  spread  of  the 
anthracnose  fungus,  portions  of  cotton  plants  grown  from  infested  seed  vvere 
cultured  and  examiined  at  freo,uent  intervals  during  the  grov^ing  season;  2) 
To  study  the  effect  of  clLr.ctic  conditions,  comparrble  material  was  secured 
from  several  locations. 

Materials  and  Methods 

Seed  of  the  variety  L'iller,  heavily  infested  With  the  anthracnose  fungus, 
was  planted  at  the  following  Experiment  Stations:     Florence,  South  Carolina 
(coastal  plain);  Clemscn,  South  Carolina  (piedmont);  Knoxville,  Tennessee; 
and  Temple,  Texas  (black  L-^.nd)!. 

Whole  plants  or  portions  of  plants  chosen  at  random  were  collected  at 
intervals  during  the  season.     S-i^moles  from^  Florence  and  Clc^mson  were  brought 
•directly  to  the  laboratory.     Except  for  the  last  shipment,  sam.ples  from 
Texas  were  forwarded  by  air  m.ail. 


The  writer  gratefully  acknowledges  the  cooperation  of  Paul  R.  Miller, 
Knoxvill©,  and  G#  H»  Rogers,  Temiple,  who  plantad  th@  seod  &nd  collected  the 
daterial  from' these  two  locations. 
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•  On  arrival  in  the  laboratory  the  specimens  'A'ere  treated  as  fqllov/s: 
Pieces    ere  cut  from  seedlin.^Sj  ..stems,  and- bolls.  "  They  V7ere^  surf. ace-r dis- 
infected,' cultured,  and  examined  as  described- elsewhere"'(4l .    The  material 
taken'-from  the  stems  of  plants  after  the  thinning  sta.ge  consisted  of  un- 
injured bark  portions  including  a  part  of  a  "leaf  scar  vvhen  possible.  These 
sections  v»ere  cut  at  2  or  3  levels  of  the  stem,  the  loY;e3t  at  the  soil  sur- 
face or  at  the  cctyledonary  node,  and  the  highest  at  the  second  v;oody  node. 
Leaves  were  vvrapped  separately  in  moist  paper  to'vels  and  incubated  for  2 
days  in  moist  chambers  at  24°G.    Vv'ashings  from  the  leaves  were  .mounted  on 
glass "slides  and  observed  for  fungous  spores.    Leaf  petioles,  corollas, 
and  bracts  v;ere  similarly  treated,  the  latter  without  previous  in-cubation. 

Data  were  taken  on  2$  or  5C  specimens,  when  available.    V.ath  res'oect  to 
numtbers  of  specimens  as  Vvell  as  of  sam.ples,  those  from  Clem.spn  and  Temple- 
were  inadequate.     Stands  of  these  2  plantings  were  poor,  and  development 
of  the  plants  was  not  uniform.    At  Clemson  dry  weather  delayed  germination, 
Yjhile  at/ Temple,  moisture  conditions  m.ade  replanting  necessary »  Excepting 
the  first  sample,  material  from  Temple  ca-rie  from,  both  ori^-inal  and  replant 
plantings. 

Results  • 

A  sumiiiiary  of  results  is  presented  ih  Table  3  in  which  occurrence  of 
Glomerella  gos'syoii  is  listed  as  percentages  of  speciiTiens  examined.  The 
miost  obvious  feature  of  this  summary-^is-the  frequency  of  positive  observa- 
tions in  the.  samples  from  Knox^/ille  and  Florence  as  contrasted  to  those 
from.  Clemson  and  Temple.     It  appears  that,  even  ^.-'hen  adequate  samples  were 
secured  from  the  latter  2  locations  :.nd  the  anthracnose  fungus  wes  found, 
it  w-:.s  not  present  in  a  high  percentage  of  specimens,  except  at  the  seed- 
ling stage.    The  most  interesting  single  result  is  the  ^pperrance  of  the 
fungus  in  the  last  s.-mple  from  Texas. 

From  the  data  presented  here,  it  is  diffic-ult  to  drav'  conclusions  re- 
garding the  relative  frequency  of  th.^  fungus  on  the  various  plant  organs. 
Previous  work  had  dem.onstrated  that  development  and  detection  of  spores  on 
le;^ves  is  grer:tly  facilitated  by  incubating  deed  or  injured  portions  in 
moist  cham.bers,    v:hen  the  bracts  v-jere  placed  in  a  moist  chamber,  the  per- 
centage of  G.  fiossyoii  was  raised  above  thrt  for  leaves  of  the  same  sample. 
In  general,  cultures  from,  the  middle  portion  of  the  stem-  yielded  the  fungus 
more  f r^o^utintly  than  those  from  the  basal  part.    Competing  soil  organisms 
may  plav  £■  rolj  with  respect  to  isclaticn  end  survival  in  the  basal  part. 
Isolations  from  petioles  were  secured,  but  not  regulc:.rly.     In  one  case 
(last  Temple  sample),  the  percentage  of  Glom.e r e  1 1-,. - irif e c t ed  petioles  was 
higher  than  th-jt  of  the  leaves.     Spores  of  the  fundus  have  been  found  fro- 
o^uently  in  the  dead  tissues  of  nectar  glands  of  leaves  and  petioles.  Per- 
haps those  glands  des.^.rvu  the  special  emphasis  plac..d  upon  them  by  some 
observers  of  siuruner  survival  (1).   ■  ■  ■ 

Summaries  of  weather  data  frgm... the  4  locations" are"  presented  in  Tables  41 
and  -5  for  consideration  in  conjunction  with  the  results  summarized  in  I 
Table  3.    it  is  rpparent  at  first  glance  that  simple  and  general  correla- 
tions  can  net  be  derived  from  these  3  tabl;.s. 

I 
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Table  3.    Percentage  occurrence  of  Glome rella  gossypii  on  cotton  plants 
grown  from  infested  seed  (var.  L.iiller)  in  U  locations  in  1941 


Tissue  cultures  from  : 

Bolls 

Location  and  Date- 
of  collection 

:      portions  of  stem  : 

Upper 

Middle: 

Lower 

Leaves* 

Corollas 

Bracts: 

Cul-  : 
tur-  ; 
ins  : 

Scrap- 
ing 

Clems on,  S.C,  (pic 
June  26 

mted  Ma"^ 
:      0  : 

/  3)  : 

0 

:  60.0  : 
,4.0/-^  : 

40.0^ 

_ 

- 

July  24 
August  7 
August  21 

October  IC 

:      0  : 
:      0  : 
I  8.0 

0^ 

•  0 

:    0  : 

:  0^ 

28.6 
:  50.0^: 

8.6 

18.0^ 

20.0 
:    0  ; 

0 

8.0 

_ 

I  0  : 
24.0 

8.0 

Florence,  S-.C.  (p] 
ADril  29  •  ■  .  ■ 
May-  15  '  ' 
June.  .12, 

.anted  A' 
:      0  : 

Dril  15) 
•    -      :  26.7° 
:    -      :  25.6 
0      :  16.0  : 

I  - 

0  ILL  J  <c 

July  19  . 
August  13 
August  ■  28 

4.0.' 
:  16.0- 
52.0' 
:    88.0  ; 

:    2.0  :  -0.0^ 
16.0  •  - 

:  80.0^i  20.0 
96,0  :  28.0 

85.  c" 
:  85. Ca 
95.0 

'  "  0^ 
:  52.0 

:  60.0 
100.  C 

:15.0-- 

r60.0 

:86.6 

i  - 

Kncxville ,  T  e  nn .. 
May  .  /dpr . 

(planted 

April _ 

30) 

:  72.0 
:  36.0-  - 
18.0^ 
:  18.0 
J  24.0 
:  32.0 

June  20 
July  7 
July  26 
August  11 

September  14 

8.0 

:  40.0 
8.0 

\  12.0." 
:  64.0- 

:  60.0^" 

32.0 
:  56.0 

'  60.0 

'  — 

\  0^ 

- 

:  20.0 
J  30.0 

:  0 
:10.0 
:40.0 
:25.0 

October  9 

•  32.0 

:"34.0^ 

12 .  0^ 

:  68. 0^ 

:  29.5^ 

:10.0^ 

Temple,  Texas  (pic 
May  12 
July  5.  ..  ... 

inted  ;ab( 
:  0: 

Dut  Apr: 

"  ^ 

l1  25  anc 
J  45.7 
.  0 

1  May  2 

5) 

July  28 

September  9  &  1 
September  25' 

5  0^ 
:  0 

:     8  ' 

'  2^ 

!  i 

:  24. Oa 

:  0 

:  0^ 
:  5.0^ 

*  8.0^ 

Note:    Percentages  based  on  observations  of  25  specimiens,  except  as  indica- 
'  ted  in  footnotes : 

a    Percentages  based  on  50  observations. 

^    Percentages  based  on  10-15  observations. 
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'Table  /+.    Monthly  rainfall  and  days  with  rainfall  at.. t he  .,Z|. .locations 


Cleir.son  : 

Flor-ence  : 

Knoxvills  : 

TemiDle 

Month  : 

CO 

H  O 

Days  with 
.1  in.  or 

more 

Rainfall 
in  inclios 

^  ! 

4^  O 

•H  a 

^    .  e  ' 

f . 

CO  . 
rH    O  • 

■    H  ^ 

a  •-. 

r.  .  (—• 

Days  with 
.1  in.  or 

more 

CO 

rH    O  . 

'-I  ^ 

-    cd  o 

Days  with 
.1  in.  or 
more 

=H 

•Cc^  -H  . 

00  -H  O 

^H  ' 
Q     •  . 

c  -H  : 

•H  .. 

'H  >-<  , 
d  -H  : 

•H  _ 

d  c  : 

April  : 

1.61 

3  : 
4 

9  : 

23 

.      24  : 

3.G2 

1 

5- 

6  : 

11 

25  : 

3.95 

4  : 

r 

21  : 
■  24 
:      25  : 

6.21 

3 
7 

'  19 
21-28 

7  2 

S  ' 

:        8  :: 

i  3 

May  : 

. 

.67 

u • 

:      31  : 

4«-J-P 

:  5 
:  11 
'  19 

:  21 

June" 

2.69 

:        2  : 
J  3 
:       7"  ' 

IC 
11 

:  8.75 

:       3  . 

4 

:  11-13 
15 
21 

:  2.49: 

:  ■■10-15 

:  6.25 

:  3 
:  6 
:  7 

10 
!  16 
:  26 
:  27 

22 
23 

:  23-29 

July  ; 

6.56  ■■ 

:  3-7 

14-16 
:      19  : 

6.33 

:  5-7 

11 
:  13 
:  15-19- 
:  23 

:  7.24 

:  3-7 

»  7 

:  10 
:  15 
:  17 

:      20  , 

t  3.80 

:  4 

:  11- 
:  12 
:  14 

August 

5.9C 

1 
3-5 
:  19-21 

:  27 

5.B3 

4 
17 
:  21 
:  23 
:  24 

'  3.14 

J        5  . 
r  13 
:      16  ' 
:  26-28 

:  2.70 

:  4 

6 

:  7 

Sept , 

:  .63- 

:  24-26 

:  1.62 

i  5 
;  6 
:  26 
:  27 

:  G.42 

:  5 

:  10 
:  13 

:  0.44 

:  l6 
:  23 

Total 

:  IS. 11 

:  26.22 

:  17.76 

:  23.55 
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Table  5.    Monthly  averago  morn  temper? tares  at  the  4  locations 


Month 

:                                   Mean  temper- 

ture  (^F.) 

Clems on 

:  Floi'ence 

Knoxville 

Temple 

April  : 

63.11  : 

65.2  : 

62.8  : 

66.8 

May 

71.5 

71.7 

68.9 

74.8" 

June 

:  76.7 

:  77.2 

:  7/^.8 

:  79.1 

July  : 

79.0    .  : 

8C .  5  : 

79.4  : 

82.5 

August  J 

79.7 

79.3 

79.2 

83.6 

September 

:  75.1 

:  77.0 

:  75.8 

I  80.9 

The  trends  of  the  Florence  data  are  rather  easily  explained.     Rapid  emer- 
gence kept  seedling,  infection  lev/.     In  July,  the  fungus  began  to  spread 
rapidly.     Owing  to  frequent  rains,  corollas  adhered  to  the  tips  of  bolls 
for  weeks  forming  an  incubation  chamber  for  Glomerella  (found  on.  52?  of 
the  corollas  of  one  sample)  and  other  fijingi.    Many  early  bolls  rotted  from 
the  tip  down,  a  condition  causing  severe  damage  in  the  Coastal  Plain  Sec- 
tion.   Heavy  aphid  infestation  in  August  covered  all  aerial  plant  organs  . 
with  honey-dew  which  provided  an  ideal  medium  for  the  growth  of  the  anthrac- 
nose  fungus.     This,,  together  with  progress  of  the  weevil  on  bolls,  may  ac- 
count for  the  progressive  increase  in  frequency  up  to  the  last  sampling. 

A  similar  "building-up"  trend  is  noticeable  in  the  Knoxville  data  from 
late  July  through  August.    The  fungus  was  found,  however,  from  the  seedling 
stage  until  July  on  a  fairly  high  frequency  level.     The  decrease  in  the 
fall  may  be  connected  v;ith  lack  of  rainfall,,  absence  of  boll  weevil,  and 
with  a  leaf  worm  infestation  which  practically  defoliated  the  plants. 

At  Cl-emson,  climatic  conditions  throughout  the  season  were  very  similar 
to  those  at  Knoxville.     Nevertheless,  frequency  percentages  of  the  fungus 
were  generally  lower,  .a  possible  explanation  of  this  divergence  is  that 
the  irregular  growth  and  stand  of  the  plants  did  not  provide  sufficient 
shade  to  prevent  the  plant  parts  from  drying  very  rapidly. 

In  the  first  Temple  planting,  anthracncse  injury  to  seedlings  was  high. 
Suraraer  survival  of  the  fungus  is  considered  uncoiumon  in  this  section  of 
Texas.     The  somewhat'  unusual  development  on  seedlings  was  attributed  to  an 
abnormally  rainy  spring.     The  data  from,  the  limited  nujnber  of  samiples  sub- 
mitted give  som.e  indication  that  over- summering  was  more  difficult  than  in 
the  eastern  locations.     This  is  probably  attributable  to  the  small  n^omber 
of  rainy  days  in  July  and  August  at  Templu. 

Discussion 

Students  ■  cf  the  anthrr.cnose  diseases  of 'bean  and  cucujnber  have  demonstra- 
ted that  the  causative  fungi  are  able  to  remain  dormant  and  thus  survive 
for  long  periods  as  m.ycelium  in  tissues  or  as  appressoria  attached  to  the 
surface,    \7ith  respect  to  the  dissemination  of  these  fungi,  rain  is  con- 
sidered the  principal  agency.     The  spores  are  spread  by  run-off  water  over 
the  soil  surface  where  they,  have  been  found  to  retain  their  viability  for 
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several  d'?ys.     Rein  drops  splash  spores  from  leaf  to  leaf,  from  plant  to 
plant,  and  from  the  soil  , on  to  the  plants.-    The  fungi  become  most  easily- 
established  in  tissues  affected  by  some  kind  of  injury.    Infection  is  fa- 
vored by  moderate  temperature  and  high- moisture ,  the  same  conditions  that 
benefit  subsequent  sporulation. 

This  evidence,  though  obtained  principally  for  other  anthracnoses ,  is 
applicable  as  a  general  background  for  the  datrl  presented  here.    The  cotton 
anthracnose  fungus  has  survived  in  1941  ^^t  all  "4  locations.     It  remained 
well  distributed  and  active  throughout  the  season  at  Knoxville,  fluctuated 
at  a  lower  level  of  frequency  at  Clemson,  -remained  quiescent  during  most' 
of  the ' season  at  Temple,  and  built  up  rapidly  after  an  initial  latent  period 
at  Florence.    The  fungus  seemed  to  be  capable  of  rapid  spread  whenever  con- 
ditions becam.e  favorable,  and,  if  they  remiained  so  over  a  considerable 
period,  it  built  up  to  epidemic  proportions  (Florence).     Periods  of  rain- 
fall and  rather  cool,  cloudy  weather  are  no  doubt  primary  factors  for  dis- 
semination.   Cf  equal  importance,  however,  seem  to  be  factors  connected 
with  the  saprophytic  habit  of  the  fungus.     Chief  among  these  appears  to  be 
the  availability  of  injured,  dying, -or  dead  plant  tissues  which  usually  be-, 
come  more  abundant  as  the  organs  of  the  plant  mature.     Lesions  caused  by 
other  disease  organisms  or  insects  may  play  a  significant  role.  Further- 
more, close  stands  r-nd  large  plants  tend  to  provide  more  shade  than  open 
stands  and  small  plants,  and  therefore  more  decomposing  material  and  a  more 
favorable  micro-climate  for  the  fungus  (Knoxville  and  Florence  vs.  Clemson 
and  Temple) . 

It  is  noteworthy  that  pink  spore  masses,  comjnonly  considered  as  a  sign 
of  the  anthracnose  disease,  were  not  observed  on  any  of  the  stem  or  leaf 
portions  v/hich  on  culturing  or  incubation  yielded  the  anthracnose  fungus. 
SL'iiil-^rly,  seasoned  observers  agreed  that  the  severe  rot  of  early  bolls 
occurring  in  1941  in  ua stern  South  Carolina  was  not  pink  boll  rot  or  anthrac- 
nose.   However,  in  fields  of  this  section  planted  with  Ceresan-treated  seed, 
the  anthracnose  fungus  was  found  on  rotted  bolls  as  well  as  on  other  plant 
organs. nearly  as  often  as  in  the  collections  from  Florence  analyzed  in  this 
study.     Evidently,  the  fungus  frequently  occurs  in  association  with  other 
organisms  thrt  tend  to  obscure  outward  signs  of  its  presence.    The  importance 
of  these  potential  cr  hidden  sources  of  inoculum  will  be  emphasized  further 
by  portions  of  the  following  article  dealing  with  the  role  of  trash  in  seed 
infestation  during  ginning. 

Summary 

Evidence  has  been  obtained  on  the  pres.ence  and  spread  of  the  anthracnose 
fungus  during  the  1941  season,  and  on  the  influence  of  climatic  factors, 
by  examining  and  culturing,  at  intervals,  portions  of  cotton  plants  grown 
from  infested  seed  at  4  locations.    The  fungus  was  found  at  all  locations 
in  thu  seedling  and  boll  stage,  and  at  the  3  eastern  locations  throughout 
the  summer  on  stems,  leaves,  and  bracts.     Sim^ple  relationships  between 
climatic  factors  and  relative  abundance  of  the  fungus  could  not  be  estab- 
lished.   The  data  indicate  that,  in  addition  to  periods  of  rainfall,  other 
factors  are  important,  such  as  the  availability  of  dead  plant  tissues  and 
of  shade  provided  by  close  stands  of  large  plants.    It  is  suggested  that 
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the  fungus  over-sijirunered  Eit  Temple,  Texas,  in  a  quiescent  form,  and  that 
unusually  w^t  spring  weather  gave  a  better  chance  for  its  persist ehce  than 
in  ordinary  years. 

In  the  eastern  parts  of  the  cotton  belt,  the  anthracnose  fungus  frequent- 
ly infects  stems,  leaves,  and  other  organs  of  the  cotton  plant.    Vv'hen  mois- 
ture conditions  become  favorable,  such  latent  infections  are  followed  by 
saprophytic  development  in  rotting  tissues  that  provide  potential  sources 
of  inoculum  for  boll  infection  and  seed  infestation. 
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RELATION  CF  GlNniNG  TC  CCL^TAl^INATICK  OF  COTTON  SEED 
BY  THE  ANTHRriCNCSE  FUNGUS 

Richard  Weindling  and  Paul  R.  Lliller 

During  the  cotton  disease  surveys,  the  observation  was  made  that  the 
number  of  bolls  infected  vjith  the  anthracnose  fungus,  Glom.erella  gossypii, 
was  very  sm.all  when  considered  in  relation  to  the  frequency  of  the  fungus 
as  a  seedling  parasite.    Often,  most  of  the  seedlings  in  large  fields  had 
anthracnose  lesions,  but  it  was  raru  during  any  of  the  4  yearly  boll  sur- 
veys to  find  a  field  with  as  m.any  as  1%  of  the  bolls  infected.    The  assump- 
tion that  the  seed  is  the  principal  source  of  seedling  inoculation  is  sup- 
ported by  the  effective  results  of  seed  treatm.ent.     It  seems  improbable, 
however,  that  infected  seedlings  originate  only  from  the  seed  derived  from 
so  few  diseased  bolls. 

The  theory  was  advanced  that  seed  m^ay  become  contaminated  with  the  an- 
thracnose fungus  during  ginning.    Exploratory  examination  of  materials 
collected  from  gins  near  Clemson,  South  Carolina,  m.ade  it  mariifest  that 
"trash"!  carries  even  more  conidia  of  G.  gossypii  than  seed.     In  modern 
gins  m.ost  of  this  trash  is  rem.oved  from  fiber  and  seed  by  extracting  and 
cleaning  equipment.     These  operations  are  accompanied,  however,  by  vigor- 
ous whirling  and  mixing  of  the  seed  cotton.     It  should  be  expected  that 
spores  and  small  particles  carrying  the  fungus  are  effectively  distributed 
during  ginning,  just  as  agitation  spreads  germicides  in  seed  treatment 
operations.     Seed  free  from.  G.  .  gossypii  may  thus  become  contaminated  by 


The  term  trash  is  used  here  to  designate  broken  bolls,  hulls,  pieces  of 
leaves,  stems,  bracts,  petioles,  and  ether  debris  that  has  been  picked  with 
the  seed  cotton. 
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spores  originating  not  only  from  other  seed  and  from  bolls  but  also  from 
infected  plant  organs . contained  in  the  trash.    Furthermore,  particles  of 
trash  m^iy  adhere  to  machinery  of  the  gin,  attach  themselves  to  seed  of 
lots  ginned  subse.quently ,  and  thus  contaminate  them. 

The  data  presented  here  are  concerned  principally  with  (1)  findings 
of  conidia  of  Glome rc  11a  on  samples  of  seed  and  trash  collected  from  gins 
in  South  Carolina  during  the  past  3  seasons,  and  with  (2)  supplementary 
work  on  seed  contamination  produced  by  adding  contaminated  trash  to  seed 
cotton  prior  to  ginning.    The  spore  load  determinations  are  quantitative, 
and  reveal  some,  effects  of  sectional,  seasonal,,  and  climatic  factors  on 
seed  contamination.     Such  data  may  be  useful  as.  a  background  for  further 
investigations  along  this  line. 

Materials  and  Methods 

Samples  of  seed  and  trash  v^ere  brought  to  the  laboratory  in  paper  bags 
and  stored  until  used.     Glomerella  contamination  was  determined  by  2 
methods:     (1)  germinating  2  alio^uots  of  IGG  seed  in  flats  with  steamed 
sand  in  the  greenhouse,  and  (2)  counting  spores  washed  from  the  seed  or 
trash  as  described  below.     These  two  methods  were  also  used  with  seed  re- 
sulting from  the  experimental  ginning. 

In  1939)  '-11  samples  were  taken  at  one  gin  in  the  upper  Piedmont,  2 
S'airiples  of  seed  and  trash  being  derived  from  a  given  lot  of  seed  cotton. 
In  1940  and  1941,  samples  were  collected  from,  numerous  gins  throughout 
South  Carolina,  one  s^uriple  of  seed  and  trash  per  gin^.    Conditions  at 
most  gins  made  it  Lmpracticable  to  s<=cure  seed  and  trash  from  the  same  lot 
of  seed  cotton. 

The  procedure  for  counting  conidia  of  Glomierella  ^cssypii  was  essential- 
ly as  follows.     One  liundred  grams  of  seed  or  40  grams  of  trash  were  shaken 
vigorously  with  300  cc.   of  water  in  quart  jars.    The  washings  were  passed 
through  cheese  cloth.    Vfeshings  from  seed  were  centrifuged  to  1/100  the 
original  volume.    Spore  counts  were  made  of  those  concentrates  and  of  the 
trash  washings  with  a  haemiocytometer  commonly  used  in  counting  spores  or 
blood  cells.    Determinations  from  2  drops  were  usually  found  sufficient. 
If  they  varied  considerably  or  if  Glomerella  spores  were  absent,  results 
from,  additional  moumts  were  averaged  to  obtain  an  estimate  of  spore  load. 
This  method  has  been  employed  from  1939  to  1941  by  the  senior  writer  with 
minor  modifications.    The  junior  writer  has  contributed  to  this  study  the 
1941  datr  on  spore  load  of  seed.     He  has  used  an  improved  version  of  the 
aoovo  method  as  described  by  him  in  detail  in  a  previous  report,  (P.D.R. 
24:  85.  1940). 

Results  of  Collections  from  Commercial  Gins 
in  1939,  1940,  end  1941 

Txhe  principal  features  of  the  data  assembled  in  tables  6-8  and  of  con- 
current observations  miay  be  expressed  as  follows: 

(1)    All  washings  of  trash  samples  (except  one)  yielded  conidia  of 
G.  gossypii.     Samples  with  a  preponderance  of  fine  trash  (broken  leaves, 


Thanks  are  due  to  Mr.  C.  C.  Bennett  for  collecting  many  of  these  samples*- 
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Table  6.     Glomerells  contaminaticn  of  samples  collected  from  a  gin 
in  the  Upper  Piedmont  of  South  Carolina  in  1939 


t  Seedling 

\        Spores  of 

G. 

Seed  Cotton 

.  Snmple 

*  di sec'  se 

rossypii 

lot  no. 

no. 

J  index  ^ 

.  .Per.^seed 

Per.  mg.  trash 

/i.63 

1 

:  1 

85 

268 

2 

58.  '  • 

 296 

2 

J  1 

81 

19 

— 

420 

2 

SL 

1  9 

108 

3 
J 

:        1  : 

H-7 

16 

177 

2 

■28 

ft 

36 

U  I 

1 

I  59 

0 

223 

2 

2  65 

c 

156 

1 

61 

c 

59 

2 

58 

6 

6  : 

1 

81  ■ 

:            ■  0 

52 

:  0' 

17 

7  : 

1 

:  69 

:  88 

297 

■2  : 

70 

:  32 

389 

8 

1 

52  ; 

•32 

296 

2  : 

59 

-19 

223 

9  2 

1 

:  79 

;  161 

32c 

2  : 

32 

:  153 

228 

10  : 

X 

J       73  : 

120 

297 

2 

69  : 

19 

263 

Index  obtained  by  subtracting  from  100  the  percentage  of 
healthy  and  1/2  the  percentage  of  lesioned  plants. 


bracts,  and  other  debris)  had  spore  leads  varying  in  the  same  range  of  mag 
nitude  as  those  of  coarse  trash  (hulls,  broken  bolls,  pieces  of  stems). 
This  night  have  been  expected  from  the  findings  of  G.  goss^^pii.  on  leaves 
and  other  organs  of  field  plants  discussed  in  the  preceding  article. 

(2)  In  all  seed  samiples  vjithout  exception,  pr^^sencc  of  the  anthracnose 
fungus  was  demonstrated  by  mj.croscopic  exaiTiination  of  lesioned  seedlings 
obtained  in  the  germination  test.     Glome  re  11a  gossypii  caused  miost  of  the 
pre-  and  post-emergence  losses  combined  in  the  tables  as  a  disease  index. 

(3)  Spore  loads  of  the  anthracnose  fungus  on  seed  samples  varied  miore 
widely  than  disease  indices.     Spores  were  not  detected  by  the  Yvashing- 
centrifuging  method  in  severr.l  samples  that  had  considerable  Glomerella 
d.am-oing-of  f  when  germiinated. 

(4)  Spore  loads  on  seed  as  well  as  on  trash  were  generally  higher  in 
1941  than  in  1940.     The  spore  loads  in  samiples  from  the  Coastal  Plains 
section  exceeded  those  from  the  Pied^nont  in  1941,  but  not  in  1940.  Evi- 
dence given  in  the  preceding  article  suggests  that  rainfall  in  June,  July, 
and  August  is  a  decisive  factor  with  respect  to  spread  of  Glomerella  in  th 
field.     In  1940,  June  and  July  rainfr-ll  in  South  Carolina  was  below  normal 
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TablG  7.    Glomorella  contamination  of  srimples  collGcted  from 
South  Carolina  gins  in  1940.     Tos.  1-14  ^.ro  frod 
■the  Picdixicnt,  Nos.  15-24  froni  the  Coastal  Plain  Section 


Sample 
no. 


1 
2 
■  3 
4 
5 
6 
7 
8 

IC 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


Seedling 
Disease  Index 


42.0 
45.3 
85.8 
53.5 
53.6 
49.-3 
49.4 
48.2 
67.3 
73.9 
84.4 
80.7 
84.4 
63.2 
85.7 
46.7 
74.0 
57.9 
74.3 
74.3 
66.7 
43.0 
85.3 
76.7 


Spores  of  G. ' gcssypii 


Per  seed 


■  "0 
117 
12 
16 
•  0 
59 
18 
0 

24 

39 
169 
813 

29 
157 

40 
146 
8 

513 
15 
19 
42 
78 
32 


trash 


85 
120 
780 
128 
^0 
64 
.  -48 
32 
60- 
11 
20 
496 
,U6 
144 
.  70 
47 
■.  520 
0 

688 
40 
190 
2C0 
325 
540 


See  icctnote  Table  6 


In  1941,  it  "w^s  ccnsidwrably  ebove  norr.i':.l,  p-.r uicularly  in  the  Coastal 
PI: in.    August  rains  were  about  normal  in  1941,  2Jid  much  above  normal  in 
1940,  but  in  the  latter  case  they  fell  in  a  few  days  of  heavy  storms. 

(5)    Thj  virbility  of  many  seed  of  the  Coastal  Plain  samples  of  1941 
was  low,  as  indicated  by  germination  ef  delinted  seed  (Table  3).  Interna 
ir^ecticn  wes  present  in  some  seed  of  all  these  samples,  but  oriy  in  few 
sam.ples  from,  the  Piedmont.    Correlations  v;ere  not  noticeable  a.;:ong  the  da 
on  viability,  internal  infection,  disease  index,  and  spore  load.    The  ab- 
sence of  correlations  may  be  due  to  the  heterogeneity  of  the  samples.  Soi 
duplicate  sairir^l.;s  -from  the  srmQ  ^in  even  showed  considerable  variation 
(Table  6). 
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Table  8.     Glomorell^  coritaiidnction  of  samples  collected  from 
South  C-rolina  nins  in  19/4-1.    Nos.  1-22  are  from  the 
Coastal  Plain,  Nos.  23-43  iron  the  Piedir.ont 


Percent  * 

Soores  of  G-.  ;^;ossypii 

Spjnple 

non—  s 

J«/  -i_       v--        0  w  4 

no. 

viable  : 

index  : 

Per  seed  : 

Per  r.ig.  trash 

seed  : 

1 

40  : 

72.3 

80,000 

3,575 

2 

49  : 

74.5 

4,000 

3,028 

3 

43-  : 

89.5  : 

1,000 

6,133 

k 

26  : 

80.0  : 

32,000  5 

4,916 

38  : 

77.8  : 

48,000  : 

■  3,268 

6  : 

4C 

76.0 

64,000  : 

7,110 

7 

52  : 

85.0 

2,000 

\  11,523 

8 

:  49 

74.8 

c 

1,875 

9 

:        37  : 

85.8  : 

•0 

6 , 660 

IC  : 

35 

81,3 

I  16,000 

1,738 

11 

I        18  : 

54.5 

0 

\  4,745 

12 

:        16  : 

54.5  : 

2 , 000- 

5,43c 

  13.  1 

-      36  ■ 

-  SO-.0 

■  48,000   :  : 

■    -6,543             ■  " 

14  : 

35  : 

83.8 
32.3 

:      16 , 000 
4,000 

\  3.413 
X  6,483 

.15 

:  ,     IC  : 

16 

:        IS  : 

:  73.0 

4,000 

3,-145 

17  ■ 

17- 

:  ■  ■  6-/4-.8    ■  ; 

16",  000  . 

2,833              "  ■ 

18 

31 

8,6 . 5  ' 

:      32, COO  , 

5  4>590 

1  o  ' 

:       23  ; 

75.3 

.2,000  . 

:         1,-348  . 

-  ■  2Q-  -; 

  51  -  ■ 

;    -94.3-  ■ 

I  trashy" 

•  3,425 

21  ; 

24 

84.0 

•        or^  err 

;          4^443-,  . 

22 

O.J? 

\       160  : 

23 

J  9 

:      5b. C 

3 , 000  : 

980 

24 

:  4 

94.0 

:        1 , LOO 

:  508 

25 

:  6 

97.0 

bOjOOO 

548 

26 

:  7 

53.5 

160 

:  13 

27 

i        7  . 

:  .  85.3 

3, ceo  ; 

3,035 

28 

5 

68 , 3 

:  1,000 

;  2,690 

29 

5 

82.3 

:  3,000 

:  2,175 

3C  . 
31 

'  •  67. 8"  " 
60.3 

r    "  0 

:         9  ; 
;       11  : 

:  155 
:  100 

0 

32 

:         8  : 

.  80.8 

120 

lis 

33 

:  2 

.  81.5 

4,000  : 

93 

34 

6 

:      47. -5 

:■  200 

52 

35 

14 

:    '  62. 0 

!        3,^00  5 

483 

36 

11 

'    ■  49.0 

:■       2,  ceo 

483 

37 

:        16  : 

-  48.0 

:  160 

\      •  885 

38 

:          8  : 

-•  65.-5 

\  0 

\  938 

39 

:         9  : 

34.0 

:  0 

J  13 

4C 

:  8 

22  .-5 

80 

:  313 

41 

I  78 

•  84.8  : 

0 

430 

42 

6 

:  51.5 

:  48,000 

X  1,095 

43 

I  6 

:  04.3 

:      16, ceo  : 

1,6C0 

See  footnote  Table  6. 
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Table  9«      Averages  cf  data  from  1940  collections 


Section 

:    Niimoer  : 
of 

:  samples 

Seedling  :  ' 
'  disease     :      Spores  of.  G.  gossypii 

'  index  ^    :      Per  seed        :  Per  mg.  trash 

Piedjiiont  : 
Coastcl  Plain 

14 

10  : 

62.9      :  91 
68.5      :  105 

5  192 

\  262 

Pii^ciriiont  -jnd 
Gor.stcl  Plain 

24  : 

•  < 

65.2      :  98 

:  221 

Table  10.    Averages  of  data  from  1941  collections 


Section 

'  Number  ' 
•  ■    of  ' 

Percent 
germination: 
of  delinted: 
:  seed 

Seedling 
disease 

Spores  of  G.  gossypii 

sample  s 

index  ^ 

Per  seed 

J  Per  mg.  trash 

Piedmont 

:  21 

88.8 

64.6 

i  6,891 

796 

Coastal' Plain 

22 

{  68.1 

77.7 

'  21,484 

:  4,500 

'Piedmont  and 

Ccastal  Plain  • 

43 

78.2 

:  71.3 

2,691 

Table  11.    Effect  of  trash  on  seed  contamination  with  G.  gossypii. 
One-half  pound  of  trash  v/as  added  to  eacli  5  lb.  lot  of 
seed  cotton,  except  to  control  lots,  prior  to  ginning. 
Lots  ginned  in-  order  of  numbers 


Lot 

:             Trash  added 

'  .Disease  : 

Sp.ores  of  G.  gossypii 

Number 

:  Kind 

Spore  Load  ; 

index  ^  ' 

per  seed 

1 

:  control 

:  .    21.5  ; 

b 

2 

:  fine 

:  low 

i  ■    22. C 

III  t) 

3 

:  fine 

:  medium 

I     39.5  • 

23 

'                   410  ^ 

4 

:  fine 

high 

82.3 

5 

:  control 

I  36.0 

b 

6 

:  coarse 

:  high 

84.0- 
37.5  : 

1,000 

7 

:  control 

b 

8 

:  coarse 

:     very  high 

80.5  : 

88,000 

9 

:  control 

88.3  5 

138 

See  footnote  Table  6. 

Spores  found;  number  below  12  per  seed. 
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Results  cf  Ginnirifj;  Experiments 

The  findings  on  trash  with  regard  to  frequency  and  abundance  of  conidia 
5.'  Kossypii  led  to  attempts  at  inducing  seed  contaiiiination  during  gin- 
ning by  the  addition  of  trash,     A  preliminary  test  in  1939  gave  positive 
results.    An  experiment  was  conducted  in  1940  in  order  to  gain  information 
regarding  (1)  extent  cf  ccntajiiination  of  trash  in  relation  to  that  of  seed, 
and  (2)  csrry-over  of  Glcmerella  from  contaminated  to  non- contaminated 
lots.    The  seed  cotton  was  divided  into  aliquot  lots.    They  were  ginned 
in  the  order  given  in  Table  11,  after  some  of  them  had  been  amended  with 
weighed  amounts  of  trash.    These  trash  samples  were  secured  during  the 
surveys  and  their  degree  of  contamination  was  as  indicated  in  Table  11. 
VJith  increase  in  the  spore  load  of  the  trash  contamination  si  so  increased. 
Highly  contaminated  trash  brought  about  very  severe  seed  contamination 
as  well  as  carry-over  to  the  lot  ginned  subsequently.    In  the  samples 
ginned  after  the  lots  that  had  becom.e  less -heavily  contaminated,  some  carry- 
over was  evident  in  seedling  infection  but  not  in  spore  load.  '.Vithout 
doubt,  carry-over  would  have  been  larger  in  com^'iiercial  gins  where  seed  and 
trash  are  not  removed  from  the  gin  after  each  s  oiTiple  as  was  done  in  the  ex- 
periments. 

The  gin  used  in  this  experiment  w£^s  a  small  hand  gin  that  had  only  the 
essential  pcrts  of  modern  gins,  gin  saws  and  roll  box  or  gin  breast,  A 
com.parable  experLment  on  a  gin  equipped  with  feeding  and  cleaning  machin- 
ery of  modern  gins  was  made  possible  in  1941  at  Knoxville,  Tennessee,  A 
lot  of  50  lb,  of  seed  cotton  was  ginned  while  adding  4  lb.  of  heavily  in- 
fested trash.     The  resulting  seed  becam.e  contcjninated  mth  the  anthrac- 
nose  fungus  at  the  rate  of  2318  spores  per  seed  (average  of  22  determina- 
tions).   S^ed  from  the  original  seed  cotton  was  slightly  contaminated 
but  the  spore-load  determination  vv:  s  negative. 

Discussion 

Seed  contamination  with  Glomerella  has  been  indicated  here  by  2  data, 
disease  index  and  spore  load.    It  is  realized  that  neither  of  these  is 
completely  satisfactory  when  it  is  desired  to  compare  heterogeneous  seed 
lots.     The  disease  index  gives  an  indication  of  the  maxim.um  damage  that 
might  occur  with  seed  planted  in  the  field.    Spore-load  data  constitute 
a  more  quantitative  measure  of  contamination,  but  the  v/ashing-centrifuging 
method  does  not  reach  low  spore  loads,    Glomerella  darnping-off  has  been 
produced  by  inoculation  of  seed  with  low  spore  loads,    Experiments  of  the 
senior  writer  along  this  line  will  be  reported  elsewhere.    Vjorking  with 
naturally  contaminated  seed,  however,  other  factors  m.ay  have  to  be  taken 
into  consideration,  such  as  appressoria  and  dormant  m.ycelia  of  Glomerella 
which  would  not  be  removed  by  wash.ing  seed,  and  otlier  seed-borne  organisms 
involved  in  seedling  diseases. 

The  present  study  points  toward  a  consideration  of  som.e  practical  im- 
portance.   If  seed  cotton  is  net  picked  clean  of  trash  in  the  eastern 
part  of  the  cotton  belt,  the  seed  is  likely  to  becom.e  contam-inatc;d  with 
the  anthracnose  fungus,  even  though  ginning  removes  most  of  the  trash. 
This  is  particularly  tru^  when  the  trash  is  heavily  infected.     In  the 
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ginning  experiments,  trash  carrying  a  low  spore  load  did  not  cause  serious 
contamination  cf  seed,  although  the  amounts  of  trash  added  wore  about  6 
times  larger  than  those  normally  present  in  seed  cotton.     In  1941)  average 
spore  loads  on  seed  end  on  trash  were  much,  higher  thaji  in  1940  (tables  9 
and  IC) .  ■ .  .  ,  , 

Carry-over  of  G.  gossypii  in  the  gin  from  one  lot  of  seed  cotton  to 
the  other  has  been  investigated.     This  ma.tcrial  is  presented  in  the  ac- 
com^panying  article,  "The  Disseirdnation  of  Fungus  Spores  from  Contaminated 
Seed  Cotton  During  Ginning  in  Relation  to  the  Germination  of  the  Seed  and 
the  Diseases  of  the  Seedlings". 

Summary 

Samples  of  cotton  seed  and  of  trash  were  collected  from  gins  in  South 
Carolina  during  3  'successive  seasons.    Nearly  all  samples  wore  found  to  be 
contaminated  with  the  anthracnose  fungus,  Glomerella  gossypii.  Spore-load 
determdnations  rcver^led  some  effects  of  seasonal,  sectional,  and  clLmatic 
factors  on  seed  conta.imination. 

Experiments  have  been  conducted  on  contamination  cf  seed  by  G.  gossypii 
during  ginning.    Addition  of  infected  trash  to  seed  cotton  prior  to  gin- 
ning produced  contamination  of  seed.     The  degree  of  seed  contamination 
depended  on  that  of  the  trash.     Carry-over  of  the  fungus  was  obtained  in 
lots  ginned  subsequent  to  heavily  Gontanunated  seed  cotton. 

It  is  concluded  that  cont^iininatien  of  seed  in  the  gin  accounts  for  miuch 
of  the  Glomerella  damping-off  of  seedlings  extant  in  the  eastern  part  of. 
the  cotton  belt,  and  that  infected  trash  plays  an  important  role  in  this 
contamination  process. 


THE  DISSEI'JNATIGN  CF  FUNGUS  SPORES  FROM  CCNTAI/IIvATED  SEED  COTTON 
DURING  GINNIhG  IN  RELATICIC  TO  THE  GER^dNATICN  CF  THE  SEED 
AND  THE  DISEASES  CF  THE  SEEDLINGS 

Paul  R.  Miller 

The  purpose  of  the  work  herein  reported  v>/as  to  determine  the  amount  of 
Glomerella  fungus  contamination  that  results  from  ginning  Glomerella-f ree 
cotton  following  contami.nated  cotton,  and  at  the  saiiie  time  to  secure  in- 
forifiation  on  spore  loads  of  the  common  fungi  occurring  on  the  seed  as 
related  to  germination  of  the  seed  and  diseases  cf  the  seedlings. 

For  this  seed  spore  load  survey,  varieties  of  cotton,  grown  in  4  loca- 
tions, 2  of  which  —  Florence,  South  Carolina  and  Tifton,  Georgia  — 
were  known  to  be  in  anthracnose  areas,  and  2  of  which  —  Tipton,  Oklahoma 
and  Lubbock,  Texas  —  were  in  'western  areas  v^here  the  disease  usually 
does  not  occur,  v/ere  sent  to  Storieville ,  llississippi  and  ginned  in  the 
order  of  listing  in  Table  12.  Before  ginning,  seed  cotton  sam.ples  of  thes 
41  varieties  were  bagged  and  transmitted  to  us  along  with  the  ginned 
samples.    Spore  load  determinations  of  Glomerella  gossypii,  Fusarium  spp. 
Diplodia  spp.,  and  Alternaria  sop.  were  made  utilizing  methods  previously 
described  (P.D.R.  24:  B5-92,  194C). 
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Table  12.  Number  of  spores  per  seed  compared  with  the  percentage 
germination  of  the  seed  and  the  amount  of  disease  on  the  seedlings 


Sample 

:                                 Number  of  spores  ; 

o. 

no. 

>  Glom.erella 
J  gossypii 

.  ■  Fusa'riuiTi 

.  SDp. 

jDiplodia 
.     spp.  J 

.  Alternaria 

spp.  . 

•  0-i  o  •  n 

Florence,,  South  Carolina 


15,CC0: 
]C,CCC: 
5,GCC: 

5,coet 

1C,CCC: 
25,CCC: 
25,CCC: 

25,CCG: 


b 

2C,CCC: 
2C,CCC: 
1C,GCC; 

5,GCC! 

3,0GC 
35,CCG; 
12,CCG; 
15,GGC 


a 

300 
•  600 
1,400 
1,800 
1,000 

6CG 
1,000 
5,000 


8,125:  15,250: 


Ti 


b  : 

1,800: 
10,000: 
10,000: 

5,CC0: 
10,000: 
10,000: 
10,000: 

8,000: 


8,100:  0 


ton,  Oklaho. 


9  . 

800: 

0: 

200 

:  5,00.0: 

0 

;  .  0 

0  I 

5,200  : 

69  : 

5.2 

10 

200: 

0 

1,2.00 

:  800 

0  : 

0 

:  0' 

1,6Cl  : 

84 

:  9.5 

11 

;  0: 

0 

I  600 

.  5,CG0 

:  0 

:      0  : 

200 

:  3,400 _ : 

.'■^  1 

2.7 

12 

2C0: 

0 

1, 200 

800' 

0 

:  0 

200 

'  .6,000  :' 

89 

:  7.5 

13  : 

0: 

0: 

5,000 

:  20,000: 

u 

:  0 

200  ' 

li ,  400  : 

79  : 

5.5 

14  • 

0: 

0 

10,000 

i  15, GOO 

0  : 

■  0 

:  400^  : 

■  6,800  : 

78 

'  1.5 

15 

:  0: 

0 

:  5,000; 

20,000 

:  0 

;      0  : 

200 

:  4,000  : 

84 

4.0 

■     16  s 

0: 

0: 

1,200 

:  ■25,000  s 

0 

:  0 

I  400  : 

2,400  : 

93  : 

11.0 

•  17 

0: 

0 

600 

'  10,0C0 

:  0  : 

C- 

0 

'  2,600  : 

■  -.  .-\ 

oo 

:  2.2 

18 

0: 

0 

800 

15 , 000 

:  0 

:      0  , 

400 

'  2,600  : 

76  : 

23.2 

19  : 

0: 

0: 

2  5 , 000 

160,000 

;  0 

:  0 

0 

6,800  : 

70  : 

4.2 

20  ; 

0: 

0: 

5 , 000 

:  10 , 0'OO' : 

r 

0 

:  20C^  : 

3,200  : 

94  : 

4.2 

21 

0: 

0 

15,000 

25,000 

'  0  : 

0 

0 

2 , 200  : 

84 

'  2.7 

22  . 

0: 

0 

-5^000 

20 , oO  0 

:  0 

I      0  : 

0 

2,300  : 

84  : 

■  1.7 

23  5 

0 : 

0: 

600 

:  15,000: 

0 

0 

0  : 

4,400  : 

88  : 

1.2 

24 

0 : 

0 

■  80.0' 

■  5 , 000 

0  ■ : 

'  0 

400 

2,600  : 

74 

2.5 

Average 

75: 

0; 

4,825 

:  21,975: 

0  : 

0 

>  lo3  : 

3,813  : 

82  ; 

5.6 

b 
200 
.0 
400 
0 
0 
0 

400 
0 


b 

600 
,800 
,200 

400 
,000 

800 
,200 

800 


:  69 
t  72 
:  58 
:  77 
:  79 
:  87 
:  75 
:  74 


50.5 

5^^5 
46.5 
51.5 
51.5 
73.2 
66. 5 
58,0 


975  :  74  :  57.2 


^    Seed  from  ginned  cotton. 

b    Se€3d  from  unginned  cotton  (seed  cotton) 
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Table  12.    Nurriber  of  spores  per  seed  compared  ^/dth  the  percentage 
germination  of  the  seed  and  the  amount  of  disease  on  the  seedlings 
 (centinued-)  ... 


Sample  ° 

■   Number  of-  spores 

o  . 

-P   -rH  .     O  . 

O   03  J   CTJ  Q 

O  t3 

no .  ' 

Glomerella' 

.  .  Fusarium... 

Diplodia  .] 

Alternaria 

'   ^  d 

CO  c; 

•H 

gcssypii  \ 

spp 

spp.  * 

spp. 

:    '  iij; . 

Tifton,  Georgia 

a    ,  : 

b  .  I 

a      .  I 

.  b  : 

a  ' 

b  : 

a 

:  b 

25  :  I 

1C,GCG: 

2G,GGG: 

.5,  GGG: 

15, GGG: 

0. 

G  : 

0 

:  3.,8GG  : 

:  69  : 

58.0 

26  ,  : 

5,CCC: 

IG  ,GCGs 

1,4GG: 

2.5,  GGG: 

0.  : 

2CC  :. 

4GG 

?  4GG. 

I  79 

J  58.5 

27  ' 

8CC: 

5,GGG: 

•  6GG: 

30,GCG: 

G 

I    •  G  : 

r 

:  l.,OGG 

'  SG 

.  57.5 

23  : 

800^ 

15,GGG: 

1,GGG: 

35, GGG: 

G 

;  2CG  : 

G. 

:     .  6GG. 

:  77  : 

59. C 

29  .  I 

5,CCC: 

5 , GGG : 

.  SGG: 

2G,GGG: 

G.,  : 

C  : 

G 

:  SGG 

I  79 

:  59.7 

30  : 

15,GCC: 

5 , GGG : 

6CG : 

1G,GCG: 

G  ' 

G  : 

2GG 

:  8GC 

85 

:  59.7 

31  : 

SGG: 

6GG: 

5, GGG: 

15, GGG: 

g' 

:  2lG  : 

G 

:  2, GGG 

SC  : 

57.2 

32  ;  : 

4GG: 

4GGs 

5 ,  GGG : 

2G ,  Gl.u  : 

G  : 

.  G-  :. 

G 

:  1,2GG 

:  92 

:  53.2 

33  I 

4GG,CGG: 

8G,GGG: 

6GG: 

15, GGG: 

G 

SGG  :' 

G 

:  1,'2GG 

'  '7G 

I  68.7 

■    34  ,  : 

5,GGG: 

^  SGG 2 

.  SGG: 

5,  GGG': 

G- 

:  2GG  : 

•  -G 

:  ■  sec 

:  86  : 

55.2 

Averap^e  i 

44,28G: 

14,18G: 

2,GS0: 

19 , GGG : 

G 

16g  : 

6G 

:  1,26c 

:  80 

:  58.7 

;         *                       ;               Lubbock,  Texas 

:    35  : 

4GG: 

u: 

SGG: 

1,GGG: 

G 

:      G  : 

G 

:  1,6G0 

I  77  ; 

8.5 

^    36  : 

"  2G-G: 

.  G: 

:    2G-G : 

1,GGG: 

G  : 

G  : 

2GG 

:  6GG 

:  81 

I  13.5 

-    37  ■  : 

■Ci 

■■  G: 

G: 

6GG: 

G  : 

.  G  : 

C 

:  2CG 

:  86 

:  10. 7 

'   3S  : 

■G: 

.  G; 

G: 

2 5, GGG: 

r 

:      G  : 

r. 

:  1,2GG 

:  62 

7.5 

■    39  .  : 

G: 

15, GGG: 

2G,GGC: 

G 

G  : 

G 

:  1,8GG 

:  74 

•  6.2 

■•    kO  -  I 

Ci 

G: 

1,GGG: 

5 , GGG : 

G  : 

•  G  : 

2CG 

:  1,SGC 

i  72 

I  3.7 

t    41  .  « 

Ci 

.  Ci 

G: 

2C  C : 

G 

:      G  : 

G 

:  6GC 

:  65  : 

3.2 

Avera^^e? 

Shi 

0: 

2,425: 

■7,542: 

G  : 

G  : 

57- 

:  1,114 

:  77 

:  7.6 

Seed  from  ginned  cotton. 

Seed  from  unginned  cotton  (seed  cotton). 


The  germination  oercentage  determinations  of  the  various  seed  lots  were 
made  by  D.  il,  Simoson.  Re  used  the  standard  laboratory  genminating  tech- 
nique approved  by  the  Association  of  Cfficial  Seed  Analysts. 

The  disease  indices  i-vere  determined  by.  Richard  v/eindling.     Tvv'o  replicat ' 
of  IGG  seedlings  each  for  each  ginned  sample  were  grown  in  sterilized  san 
and  the  disease  index  was  derived  by  adding  the  number  of  dead  plants  to 
1/2  the  number  of  lesioned  plants. 

The  results  presented  in  Table  12  shovj  that  Glomerella  gossypii  occurre 
on  the  seed  of  all  saiV.ples  of  both  unginned  and  ginned  cotton  from  Floren 
South  Carolina  and  Tifton,  Georgia,  but  it  was  obtained  from  none  of  the 
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samples  of  the  ungirined  cotton  from  Tipton,  Oklahoma  and  Lubbock,  Texas, 
and  from  only  the  first  -4  of  the  girjied  samples  from  Tipton  and  the  first 

2  from  Lubbock.    This  shows  that  after- ginning -the-. dnfes ted,  CQt, ton, 
spores  left  on  the  ginning  ■equipment ■  caused-  sufficient  contaciination  of 
the  originally  disease-free  seed  to  be .detected  by  the  spore-load  determi- 
nation method.     It  shou]..d  be  pointed  out  here  that  the  anthracnose  fungus 
occurred  on  a  ILiiited  number  of  seedlings  resulting  from  the  seed  of  all 
ginned  samples  from  Texas  and  Oklahoma,  even  though  the  mechanical  method 
had  revealed  its  occurrence  on  only  5  of  the  23  sa^iiples.    This  inconsist- 
ency is  attributed  to  the  shortcomings  of  the  technique  and. insufficient 
knoivledge  of  the  disease.    However,  the  dependability  of  the  method  for 
determining  spore  loads  in  excess  of  2CC  spores  per  seed  has  been  estab- 
lished statistically.    Perhaps  it  would  not  be  r-t:a.sonable.  to  expect  that 
all  spores  would  be  dislodged  in. the  time  that  is  practicable  to  devote  to 
washing  a  sample,  and  it  is  not  known  how  many  spores' per  seed  are  neces- 
sary to  cause  seedling  infection  under  varying  environmental  conditions. 

It  can  new  be  said  with  considerable  certainty  thc.t  spores  of  Glc^ierella 
gjossyoii  are  disseminated  from  contaminated  cctton  during  ginning  end  tho.t 
this  is  an  important  factor  in  the  widespread  occurrence  of  this  organism 
as  a  seedling  parasite. 

Fairly  high  spore  loads  of  Fusarium  spp.  were  obtained  on  ell  sam.ples 
from  all  locations  with  the  exception  of  3  ginned  scimples  from  Lubbock, 
Texas,  on  which,  none  were  found.     Spores  of  Diplodia  spp.  vjere  not  found 
on  ciny  of  the  ginned  sajnples,  but  smjill  soore  loads  wore  obtained  on  a 
few  seed-cotton  (unginned)  samples  from.  Florence,  South  Carolina  and 
Tifton,  Georgia,     Alt  erne  ria  spores  were  found  en  all  unginned  sc.::ples 
from  the  U  locations  and  on  about  1/2  of  the  ginned  sajuples.  Generally 
the  number  of  spores  per  seed  was  lovver  on  the  ginned  cotton  than  on  the 
unginned.    Table  12  shows  that  the  average  number  of  spores  per  seed  for 
the  4  groups  of  organisms  under  consideration  was  considerably  higher 
on  the  unginned  (seed  cotton)  thrn  on  the  ginned,  although  the  number 
of  bolls  represented  in  an  unginned  sample  was  much  lower  than  in  a  ginned 
one.     This  indicates  th-.t  most  of  the  spores  on  seed  cotton  ^re  removed 
with  the  lint  during  ginning. 

The  recorded  laboratory  gerrdn^ticn  percentages  show  tk- 1  gen:.rally 
there  were  only  slight  differences  in  the  viabjlity  of  th^  seed  originating 
at  the  4  locations.    The  dif f .'^renc^s,  hov.'evt.r,  in  the  .-jnount  of  disease 
that  developed  on  the  seedlings,  depending  upon  the  origin  of  the  seed  — 
Eastern  area  versus  Western  --  Wore  significant,  and  at  sterns  that  the 
different!. .il  Glome  re  11a  spore  loads  \-7erc  largely  responsible  for  these 
variations.    The  results  of  spore  load  studies  conducted  during  the  past 

3  years  hav..   shown  no  relation  betv;....en  th..  size  of  Glomerella  spore  loads 
on  a  given  sDmple  of  seed  and  the  percentage  geraiination  of  the  seed. 
However,  th^  spore  load  size  does  seem  to  influence  the  cjno'ant  of  pest 
emergence  dejr.ping-off  tiict  results  when  the  seed  are  planted. 
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"the  probable  effect  of  im'IIDITY  OM  THE  SURVIVAL  AI'T)  SPCRULATICN 

OF  THE  ANT1-IR.ACN0SE  FUNOUS  ON  GOTTC?^  . 

Paul  R.  Miller  ■ 

The  purpose  of  this  study  Y^^as  to  obtain  inf orm^.tion  on  the  possible  ef- 
fect of  climatic  conditions  on  the  ability  of  the  anthracnose  fungus 
(Glome re  11a  gossypii )  to  survive  during  the  sujrinier  and  to  sporulate.  The 
results  tend  to  show  that  humidity  is  an  imoortant  factor  (Table  13  and 
Figure  2) . 

■  Glomerella  g os sy oil- c ont anrlna ted  seed  from  a  common  lot  of  Stoneville 
5  variety  of  cotton  was  olanted  at  20  locations  indicated  in  Figure  2. 
When  harvested,  this  cotton  was  sent  to  one  place  for  girjiing.  Utilizing 
the  technique  previously  described.  (p.D.R.  24:  8$-92,  1940)  anthracnose 
fungus  spore  load  determinations  were  made.    Results  ^.iven  in  Figure  2 
show  that  relatively  high  spoi-e  loads  vjere  secured  from  seed  produced  at 
locations  in  the  more  huirdd  belt,  i.e.,  in  areas  nesr  the  coast.  General- 
ly,^ low  soore  loads  were  obtained  from  locations  in  the  inland  sections 
of  the  Eastern  cotton  belt  where  somiewhat  lower  hui^-idity  prevails.  No 
spores  were  found  on  cotton  originating  m  the  sub-humid  and  semi-arid 
belts  of  Texas  and  Oklahoma.    Very  sim.ilar  results  were  obtained  ^//hen  a 
like  study  was  conducted  vdth  seed  of  the  same  variety  planted  in  1939  at 
most  of  the  ScLme  locations. 

Tha  distribution  of  anthracnose  indicated  in  Figure  2  corresponds  to 
that  detenrdncd  during  the  cotton  seedling  and  boll  disease  sur\^eys. 
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Tr..ble  1?..     Aver-'^e  Rel-tive  Percent  Huraidity  for  July  ^ 


V  Location 

Time  of 

D^-^y 

:  8:GG  a. I 

(EST) 

Local 

Noon 

\  8:00  P.M. (EST) 

College  Station,  Texas 

70 

_ 

80 

:    UO  - 

50 

:        40  - 

50 

Temple,  Texc.s 

70 

- 

80 

40  - 

50  : 

40  - 

5^ 

Greenville,  Texas  : 

70 

- 

SO  - 

60  : 

50  - 

55 

Chilli cot he,  Texas 

:  70 

80 

i  Under 

40 

40  - 

45 

Lubbock,  Texas  : 

70 

80 

:  Under 

40 

40  - 

45 

Stillwater,  Gklchorna  : 

70 

80 

'    40  - 

50 

:       40  - 

50 

Tipton,  Gklc:homa 

r  70 

80 

40  - 

50 

I       45  - 

50 

Clemson,  South  Carolina 

80 

_ 

90 

:    50  - 

60 

!       60  - 

70 

Statesville,  North  C-.rolina 

:  80 

_ 

90 

:     50  - 

60 

60  - 

70 

Experiment,  Georgia 

:  80 

- 

90 

J     50  - 

60  : 

60  - 

70  ' 

Jackson,  Tennessee  : 

80 

- 

\     50  ■■ 

60 

:       60  - 

70 

Knoxville ,  Tennessee 

:  80 

90 

:     50  - 

60  : 

60  - 

70 

Stoneville,  Mississippi 

C.J  y 

90 

:     60  - 

70  : 

60  - 

70 

Auburn,  Alabama  : 

80 

90 

:     50  - 

60 

60  - 

70 

Mar ianna ,  Arka nsa s 

85 

90 

50  - 

60  ! 

60  - 

70 

St,  Jose ph ,  Loui  si  ana 

:  85 

90 

'    60  - 

70  : 

Over 

70 

B.::.ton  Rouge,  Louisiana 

:  80 

90 

:    60  - 

70  : 

Over 

70 

Florence,  South  Carolina 

:  80 

90 

:    60  - 

70 

Over 

70 

Poplarville,  Mississippi 

:  85 

90 

:  Over 

70  : 

Over  70 

Tift  on,  Georgi-^ 

r  80 

90  : 

60  - 

70  : 

Over 

70 

a    Based  on  200  First  Order  VJoather  Bureau  Stations  -  Period  1899  -  1938. 


